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Abstract. The paper demonstrates compilation of land cover map of Eu- 
rope making use of theCORI NE land cover (CLC) data and subsequent 
pri nti ng of the map by computer technology at the seal eca 15 000 000. 
The topographic base in azimuth equivalent projection consists of: state 
borders, capitals, some selected cities, communications (railways and 
roads), a part of river network, which is not covered by the CLC data and 
the shaded terrain. The thematic overlay contai ns CLC data from 2006 on 
the first hierarchic levels and selected classes on the third level (broad- 
leaved, coniferous and mixed forests). The map was printed by the hybrid 
digital printer equipped with the piezoelectric inkjet printing heads with 
four levels of grey scale and a variable size of the print drop from 14 to 42 
picolitres. Existence of such map makes possible simultaneous perception 
of the I and cover picture of the different parts of Europe. 
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1. Introduction and background 

Present computer technologies, particularly the Geographical Information 
Systems (GIS) make it possible to collect various statistical characteristics 
concerning landscape objects both in numerical and graphical forms. Maps 
are such outputs. Kraak & Ormeling (1996) listed the types of data most 
frequently applied in map- making: 

• Data obtai ned by terrestri al survey; 

• Data obtai ned by photogrammetri c survey; 



• Data obtai ned by satel I ite i mages (sources of the correspondi ng themat- 
ic information applicable to mapping via analogue and digital interpre- 
tation techniques); 

• Data of the Global Positioning System (GPS), which improve the accu- 
racy of exi sti ng georef erenci ng methods or can be used i n f i el d surveys; 

• Data obtained by digitizing or scanning of analogue maps (by vector or 
raster approach); 

• Existing state boundary files, for instance those concerning the borders 
of administrative units, communications etc.; 

• Soci o-economi c stati sti cal f i I es provi ded by nati onal stati sti cal servi ces; 

• Environmental data files - one of them is the CORI NE database (Coor- 
dination of I nformation on the Environment) (Heymann et al. 1994). 

Pravda et al. (1998) describes examples for application of the CORINE land 
cover (CLC) in thematic map making (see Table 1). The table shows that 
the published CLC maps only characterize land cover (LC) of some Europe- 
an countries or their parts. So far no CLC map of Europe has been made and 
published. 

The main reason why the preparation of the Land Cover Map of Europe at 
scale 1 5 000 000 is here commented and demonstrated is connected with 
the existence of the CLC2006 database at scale 1100 000 for 38 European 
countri es (except for Greece where the data avai I abl e are from 2000) . Real i - 
ty concerning the occurrence of LC class areas characterised accordi ng to a 
single nomenclature is recorded via this database. Representation of CLC 
classes in Europe on a single map may provide information about their oc- 
currence and simultaneously offer the option to observe spatial relation- 
ships between them. 
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1. Grand-Duche de Luxembourg 

2. Mapa d'usos del sol de Catalunya 

3. Mapa CORINE Land Cover de Catalunya 

4. Mapa CORINE Land Cover de Catalunya 
(Meg. europea) 

5. Land Cover Forms. Map sheet M-34-133- 
C (Surany) 

6. CORINE Land Cover. Map Sheet C7- 
Dublin and C8-Cork 

7. CORINE - Land Cover Liege-Namur- 
Leuwen 

8. Land use. In Atlas of Poland 

9. Mapa CORINE Land Cover de la Medi- 
terrania Occidental 
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12. Slovakia -CORINE -Land Cover Map 1996 

13. CORINE Land Cover France 1997 

14. Land Cover. Territory: Zvolen-Detva- 1998 
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Table L Some characteristics of issued CLCmaps(Pravdaetal. 1998, Feranec& 
Pravda 1999). 

B i bl i ography of maps i n Tabl e 1 

/]/ Grand-Duche de Luxembourg. (1990). Programme CORINE, Project 
Land Cover. 1100.000. Resultat preliminaire. Ministere de 
I 'Amenagement du Terri toi re et de I 'E nvi ronnement, Luxembourg. 

121 Mapa d'usos del sol de Catalunya. (1990). 1250.000. 2. ed. Institut 
Cartografic de Catalunya, Barcelona. 

131 Mapa CORINE Land Cover de Catalunya. (1993). 1250.000. Institut 
Cartografic de Catalunya, Barcelona. 

/4/ Mapa CORINE Land Cover de Catalunya. (1993). 1250.000. 
Ampliacio de la llegenda europea. Institut Cartografic de Catalunya, 
Barcelona. 

151 Land Cover Forms. Area of the map sheet M-34-B3-C (Surany). 
(1994). 150.000. Geograficky ustav SAV, Bratislava. 

/6/ CORINE Land Cover. Map Sheet C7-Dublin and C8-Cork. (1995). 
1500.000. European Commission, Bruxelles. 

Ill CORINE - Land Cover Liege-Namur-Leuwen. (1995). 1100.000. Insti- 
tut Geographi que National, Bruxelles. 

18/ Atlas Republic of Poland. Land use. (1996). 11500.000. Glowny 
geodeta kraju, Instytut geografii i przestrzennego zagospodarowania, 
Polskie przedsiebiorstwo wydawnictw kartograficznych im. E. Romera, 
Warszawa. 

191 Mapa CORINE Land Cover de la Mediterrania Occidental. (1996). 
1500.000. 1 nstitut Cartografic de Catalunya, Barcelona. 

/ID/ Mapa d'usos del sol de Catalunya. (1996). 1250.000. 3. ed. Institut 
Cartografic de Catalunya, Barcelona. 

/II/ Slovakia - CORINE - Land Cover Tourist Map. (1996). 1500.000. 
Geodeti cky a kartograf i cky ustav, Geograf i cky ustav SAV, Brati si ava. 

/12/ Slovakia - CORINE - Land Cover Map. (1996). Appendix to the Ge- 
ographi a SI ovaca, 11/1996. 1500.000. Geograficky ustav SAV, Bratisla- 
va. 

/13/ CORINE Land Cover France. (1997). 11000.000. Institut Frangaisde 
I 'E nvi ronnement, Orleans, Cartography de Schutter, Anvers. 

/14/ Land Cover. Territory: Zvolen-Detva-Krupina. (1998). 1100.000. 
Geograf i cky ustav SAV, Brati si ava. 



TheLand Cover Map of Europe can be effectively accomplished if thereis 
avail able a harmonized European Spatial Data I nfrastructure(SDI ). As only 
partial initiatives and programmes for the preparation of such infrastruc- 
tures exist so far (Hopfstock 2012), it was decided to use spatial pan- 
European data accessible to authors of this paper. The aim is to demon- 
strate the LC Europe map making based on CLC data and the topographic 
data used for compi I ati on of themati c E uropean maps at synopti c seal es at 
theVKU, stock company in Harmanec(SK) and its printing by computer 
technology. 



2. CLC database 

Derivation of LC Europe database became the integral part of theCORINE 
Programmein 1985 initiated bytheEuropean Commission with theaimto 
create a consi stent and compati bl e database about the envi ronment of the 
EU Member states. The first CLC1999 project ran under auspices of the 
European Commission in 1995; the second CLC2000 Project was auspiced 
bytheEuropean Environment Agency (EEA) andthej oint Research Centre 
(J RC) of the European Commission in 2000, and the third CLC2006 Pro- 
ject became part of the Global Monitoring for Environment and Security 
(GMES) Project- f i rst-track servi ce on land monitoring (Buttner etal. 
2004, EEA-ETC/LUSI 2007, Feranecetal. 2007, Steenmans& Perdigao 
2001). At present the CLC2012 Proj ect runs i n the context of the GM ES 
Initial Operation (GIO) land framework (Feranecetal. 2012). 
Areas of CLC2006 classes were identified via computer aided visual inter- 
pretati on of satel I ite i mages SPOT-4 and/ or I RS LI SS 1 1 1 (for two dates i n 
2006 ±lyear) with the geometrical accuracy of images < 25 m, the least size 
of identified area of 25 ha, and thematic accuracy of identified CLC classes 
was > 85% (EEA- ETC/ LU CI, CLC2006 technical guidelines, 2007). 
Part of the thematic content are areas of CLC2006 classes of thefi rst hier- 
archic I evel and sel ected cl asses of the thi rd I evel (44 cl asses of the CLC 
nomenclature are aggregated and generalized into 8 classes) (Heymann et 
al.(1994): 

1 Artificial surfaces (all classes 1), 

2. Agricultural areas (all classes 2), 

3. Broad-leaved forest (311), 

4. Coniferousforest(312), 

5. Mixed forest (313), 

6. Shrub and/ or herbaceous vegetation and open space (321, 322, 323, 
324, 331 332, 333, 334 and 335), 

7. Wetlands (all classes 4), 

8. Water bodies (all classes 5) and the river network from the topographic 
source. 



The thematic content was modified - classes of the first hierarchic level of 
nomenclature were assigned three classes of its third level, part „Forest and 
semi-natural areas" - 311 312 and 313. The map with the proposed content 
emphasi zes cl asses of the E uropean forest I andscapes. The content of map 
legend prepared based on CLC data though, can be adapted to the purpose 
for which the map will be issued. 



3. Topographic base 

The topographi c source of the themati cLCmapistheMapofE ur ope at the 
scale 14 000 000 owned bytheVKU, stock company. The foil owing layers 
were used: 

• borderswith letteringof states, 

• sel ected settl ements wi th I etteri ng, 

• communications (railways and roads), 

• waters- they complement the river network which was not identified by 
satel I i te i mages (pursui ng the criteri a of the CLC proj ect, ri vers or thei r 
parts wider than 100 m, water bodies larger than 25 ha were identified). 

Shaded terrain derived from GTOPO30 dataset. GTOPO30 is a global digi- 
tal elevation model (DEM) with a horizontal grid spacing of 30 arc seconds 
(approxi mately 1 ki lometer). GTOPO30 was derived from several raster and 
vector sources of topographic information. Completed in I ate 1996, it was 
developed through a collaborative effort led by the U.S. Geological Survey's 
Center for Earth Resources Observation and Science (EROS). For the map 
purposes, version of GTOPO30 data processed and distri buted by EEA for 
presentation purposes has been used. 



4. Integration of the topographic base with general- 
ized CLC data 

For the final map compilation, CLC data were combi ned with selected lay- 
ers from topographic map and shaded terrain of Europe. The CLC data, 
nowadays obtai ned under the European GMES service (Global Monitoring 
for Environment and Security), arise from primarily digital seamless vector 
I ayer coveri ng 38 countri es of E urope. Regardi ng the resol uti on and si ze of 
the original vector layer and the subsequent need of generalization, a de- 
rived raster layer with resolution 100 x 100 m distributed by the EEA (Eu- 
ropean Environment Agency) was used for the purpose of this map. Topo- 
graphic layers- state borders with state lettering, selected cities with letter- 
ing, communications (railways and roads) and water bodies were extracted 
from the Map of Europe at the scale 14 000 000 provided byVKU, stock 



company. Shaded terrain uses elevation data derived from GTOPO30 da- 
taset. 



5. Printing of the map on the hybrid digital printer 

Copy of the map was printed on the hybrid digital printer equipped with the 
pi ezoel ectri c i nkj et pri nti ng heads wi th four I evel s of shade of grey and a 
vari abl e si ze of the pri nt drop from 14 to 42 pi col i tres. The pri nter works i n 
thesystem mixing CMYK colours hardenableby UV radiation with the 
Light Cyan and Light Magenta inks added. The used inks are optimised for 
printing of firm slab and flexible roll material with high resistance to exter- 
nal effects. 



6. Survey of CLC characteristics in the pan-European 
context 

TheCLC2006 data represented by Table 2 and Figure 1 provide the topical 
view of the European LC. 

Artificial su rf aces (cl ass 1) including the areas of urban fabric; industrial, 
commercial and transport units; mine, dump and construction sites and 
artificial, non-agricultural vegetated areas with total area of 21,494,919 ha 
(3.18%) (see Table 2). 

Agricultural areas (class 2), all CLC classes2 (Heymann etal. 1994) cover 
244,177,622 ha in 38 countries and represent 36.1 2% (seeTable 2). Areas of 
this class are most numerousin lowland and hilly landscape. 
Forests of Europe include the areas of classes 3, 4 and 5, Broad-leaved (311) 
occupy 54,932,363 ha, Coniferous (312) 74,1 1 5,71 ha and M ixed (313) 
34,200,846 ha(seeTab. 2) are at the second position in terms of area 
163,248,919 ha (24.15% of 38 countries' area). They occur in mountain 
ranges, but also in lowland and hilly landscapes. 
Shrub and/ or herbaceous vegetation and open space (class 6), which co- 
vers e.g. natural grasslands, transitional woodland/ shrubs, moors and 
heathland, sclerophylous vegetation, beaches, dunes, sand plains, bare 
rocks, sparsely vegetated areas, etc. occupy the area 115,249,777 ha 
(1 7.05%). This area occurs in the range from high mountains to the sea or 
ocean coasts (seeTable 2 and. Figure 1). 

Thetwo last classes include Wetlands (class 7) occupying 13,501 ,840 ha 
(2%) and Water bodies (class 8) with the surface of 14,851 ,271 ha (2.2%) 
(seeTable 2 and Figure 1). 



CLC classes 1 


CLC2006 


"2 


(1st, 2nd and 3rd levels) 


Total area (in ha) 


Share (in %) 


1. Artificial surfaces (all classes 1) 


21,494,919 


3.18 


2. Agricultural areas (all classes 2) 


244,177,622 


36.12 


3. Broad-leaved forest (31 1 ) 


54,932,363 


8.13 


4. Coniferous forest (312) 


74,115,710 


10.96 


5. Mixed forest (313) 


34,200,846 


5.06 


6. Shrub and/or herbaceous vegetation 


115,249,777 


17.05 


and open space (321 , 322, 323, 






324, 331 , 332, 333, 334 and 335) 






7. Wetlands (all classes 4) 


13,501,840 


2.00 


8. Water bodies (all classes 5) 3 


14,851,271 


2.20 


Total 


572,524,348 


100.00 


*CLC nomenclature see Heymann etal. 


(1994) 





2 Excluding Greece, not available for CLC2006. It was substituted by CLC2000 data 
in final map. 

3 Sea and Ocean is excluded as there is large 523 buffer around CLC datasets and it 
would completely hide inland water share. 

Table 2. Statistical characteristics of the CLC2006 classes in pan-European con- 
text. 



7. Conclusion 

The map demonstrated one of possi bl e ways for the producti on of themati c 
maps of landscape in the pan-European context by application of the vector 
CLC database. The map also provi des the basi c i nformati on about occur- 
rence and area of LC classes and their mutual interactions at a concise scale 
of 1 5 000 000, which may facilitate an overall comprehension of the cur- 
rent European landscape structure. 
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Figure L The spatial distribution of generalized 8 CLC land cover classes of Eu- 
rope for the year 2006. 
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